Optimum levels and types of dietary fibre that provide the greatest beneficial effects on metabolic syndrome risk factors in overweight and obese individuals have yet to be determined in clinical trials. The present parallel design study compared the effects of fibre intake from a healthy diet v. a fibre supplement (psyllium) or a healthy diet plus fibre supplement on fasting lipids, glucose, insulin and body composition. Overweight/obese adults were randomised to either control (with placebo), fibre supplement (FIB), healthy eating plus placebo (HLT) or healthy eating plus fibre supplement (HLT -FIB). There was a significant increase in fibre intake in HLT -FIB, HLT and FIB groups up to 59, 31 and 55 g, respectively, at 12 weeks when compared to control (20 g). Weight, BMI and % total body fat were significantly reduced in FIB and HLT -FIB groups, with weight and BMI significantly reduced in the HLT group compared with control at 12 weeks. HLT -FIB and HLT groups had significant reductions in TAG and insulin compared with control at 6 and 12 weeks, and in insulin compared with the FIB group at 12 weeks. The HLT -FIB, HLT and FIB groups all had significant reductions in total cholesterol and LDL-cholesterol compared with control after 6 and 12 weeks. The present study demonstrated that simply adding psyllium fibre supplementation to a normal diet was sufficient to obtain beneficial effects in risk factors. However, a high-fibre diet consisting of a psyllium supplement plus fibre from a healthy diet provided the greatest improvements in metabolic syndrome risk factors.
The growing prevalence of obesity carries with it the increased risk of metabolic syndrome risk factors such as abdominal obesity, atherogenic dyslipidaemia and insulin resistance, which increase the risk of CVD and type 2 diabetes (1) . Studies have shown that overweight and obese individuals consume fewer high-fibre foods such as vegetables, fruit, wholegrains and legumes and more fatty and high-energy-dense foods (2) . Conversely, epidemiological and cohort studies have indicated that a high-fibre diet is correlated with lower BMI and lower incidence of hyperlipidaemia, CVD and diabetes (2 -6) .
Dietary fibre is an edible component of all plants and is defined as being resistant to digestion and absorption in the human gut, and usually involves complete or partial fermentation in the large intestine (7, 8) . There are two main groups of fibre: viscous (water soluble) including pectin, gum, mucilage and psyllium, and non-viscous (water insoluble) including cellulose, hemicellulose and lignin (9) . It is estimated that Australian adults consume 18 -25 g of dietary fibre/d (10) and US adults consume on an average 15 g fibre/d (8) . Present dietary fibre recommendations for adults in Australia and the USA are 25 -30 g/d to be consumed from fibre-rich sources such as fruit, vegetables, legumes and whole grains (11, 12) .
Epidemiological and cohort studies have consistently revealed that higher fibre intakes are correlated with lower body weight, BMI, waist circumference (13, 14) , improved plasma lipid profiles (7,9,15 -21) and improved glycaemia and insulinaemia (5) , indicating the benefits and risk reduction for the metabolic syndrome, CVD and type 2 diabetes. Lairon et al. (17) found that dietary fibre intakes of $ 25 g/d was correlated with a reduced risk of a high BMI, cholesterol and hypertension and that 30 -35 g/d would have even greater protective effects in middleaged adults (17) . However, clinical trials have proven to be less conclusive, particularly in relation to weight loss.
Pittler & Ernst (22) found a non-significant difference in weight loss when reviewing twenty randomised trials involving guar gum (a soluble fibre). Other intervention studies also reveal no change in body weight (23) . However, a review by Howarth et al. (3) concluded that in ad libitum conditions, increasing fibre intake by 14 g/d is associated with reduced energy intake and body weight loss. The diversity of the clinical trials may partly explain the inconclusive results as some trials involve increasing fibre intake by consuming a healthy diet of wholegrains, fruit and vegetables (24 -27) , others involve intake of specific high-fibre foods or enriched foods (28, 29) and certain others use fibre supplementation (23,30 -32) . There are also a few intervention studies addressing the amount of daily fibre intake required to improve metabolic syndrome risk factors in healthy overweight or obese individuals, a population susceptible to the metabolic syndrome. A direct comparison between a group taking fibre supplementation alone and a group taking increased fibre by adopting a healthy eating pattern needs to be undertaken to reveal the effects from these different sources on chronic disease risk factors in the overweight and obese.
Therefore, the aim of the present study was to investigate whether 12 weeks of additional dietary fibre intake in the form of a healthy diet or dietary fibre supplement (psyllium) or a combination of both would induce and sustain improvements to metabolic syndrome risk factors, such as fasting lipids, glucose, insulin and body composition in overweight and obese individuals. We also compared the effects of different amounts of fibre intake (low, moderate and high) on metabolic syndrome risk factors to determine how much dietary fibre intake was most effective.
Materials and methods

Subjects
Overweight and obese individuals with a BMI between 25 and 40 kg/m 2 and aged between 18 and 65 years were recruited from the community. Of ninety-four respondents, seventy-two were eligible to participate (thirty-seven men and thirty-five women) and commenced the study. Potential participants were screened by telephone and they attended at Curtin University to assess their suitability for the study, at which time the details of the study were explained. Exclusion criteria included smoking, lipid-lowering medication, use of steroids and other agents that may influence lipid metabolism, use of warfarin, diabetes mellitus, hypo-and hyperthyroidism, cardiovascular events within the last 6 months, psychological unsuitability, major systemic diseases, gastrointestinal problems, proteinuria, liver failure, renal failure, weight flutuations over the past 6 months and vegetarianism. The present study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Curtin University Human Research Ethics Committee (Approval Number HREC 157/2004) with all the participants giving written informed consent.
Methods
This was a randomised, single-blind, parallel-design study over a 12-week period. The study participants were randomised into one of four groups: the control group (n 18), who consumed the placebo with their usual diet; the supplement group (FIB, n 18), who consumed a fibre supplement with their usual diet; a healthy eating group (HLT, n 18), who consumed the placebo with a healthy eating regime, and a healthy eating plus fibre supplement group (HLT-FIB, n 18), who consumed the fibre supplement plus a healthy eating regimen. The fibre supplement consisted of 12 g of psyllium (Metamucil; P&G, Sydney, NSW, Australia) and the placebo consisted of 12 g breadcrumbs with flavouring, which provided 1·5 g of soluble fibre. The breadcrumbs provided an appropriate placebo due to its low energy and fibre content and similarity in texture and appearance to the psyllium supplement. Depending on which group they were allocated to, participants were instructed to take either 12 g of the fibre supplement or placebo, mixed with 250 ml water, three times daily 5-10 min before breakfast, lunch and dinner. Psyllium is a gel-forming mucilage from the Plantago ovata plant. The bioactive fraction in psyllium is a fibre composed of a highly branched arabinoxylan. Psyllium is a soluble fibre that is gel forming. Psyllium has advantages over other types of soluble fibre because it is less readily fermented and therefore causes less flatulence and abdominal bloating. It was used in the present study as it would be easily tolerated and is readily marketed worldwide under the trade name Metamucil.
The subjects attended a briefing session on how to complete food records and comply with the study protocol. The dietary intake over the course of the trial was monitored through the completion of 3d weighed food diaries at baseline, 6 and 12 weeks. Ad libitum healthy eating plans, as designed by a registered dietitian, were prescribed for the HLT and HLT -FIB groups for the 12 weeks, which included healthy meals and snacks based on the Dietary Guidelines for Australian Adults (11) . These study participants were asked to record their food and drink intake for 3 d every 3 weeks to monitor the adherence to the guidelines (11) and were given feedback and strategies if necessary. These participants were tightly monitored to ensure their compliance to the dietary guidelines. The participants in the control and FIB groups were asked to maintain their usual dietary intake for the duration of the study. To monitor compliance, all the participants were provided with a measuring cup to measure either the fibre supplement or placebo, they were required to complete a diary to record their supplement consumption and they were asked to return the empty and non-empty containers of the supplements at their 6-and 12-week visits.
Assessments
The participants attended at Curtin University, after a 10 -12 h fast, for baseline measurements. Subsequent to a mandatory rest period of approximately 30 min, fasting blood samples (5 ml) were drawn by venepuncture. The collection of fasting blood samples was repeated at 6 and 12 weeks. Blood samples were centrifuged at 2500 rpm at 48C for 10 min using a Hettich Rottina 48R centrifuge (Tuttlingen, Germany). Serum and plasma were collected to measure circulating levels of TAG, total cholesterol (TC), HDL, LDL, insulin and blood glucose. Serum and plasma samples were stored at 2808C and analysed within 4-6 weeks of collection.
Measures of body weight, height, waist and hip circumference were also undertaken at baseline, 6 and 12 weeks.
Body weight (UM-018 Digital Scales, Tanita Corporation, Tokyo, Japan) was recorded in light clothing without shoes. Height was measured to the nearest 0·1 cm using a stadiometer (26SM 200 cm; SECA, Hamburg, Germany) without shoes. Waist circumference was measured in the standing position at the narrowest area between the lateral lower rib and the iliac crest. Hip measurement was taken at the largest circumference of the lower abdomen. Total body fat and lean mass as well as percentage fat were assessed by whole body dual-energy X-ray absorptiometry (Lunar Prodigy; Lunar, Madison, WI, USA) at baseline and at 12 weeks. The dual-energy X-ray absorptiometry machine was calibrated and a phantom scan was undertaken daily.
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Measurements of lipids, glucose and insulin
Serum TAG and TC were measured by enzymatic colorimetric kits (TRACE Scientific Limited, Melbourne, VIC, Australia). Serum HDL-cholesterol (HDL-C) was determined after precipitation of apo B-containing lipoproteins with phosphotungstic acid and MgCl 2 , the supernatant containing the HDL-C was determined by enzymatic colorimetry (TRACE Scientific Limited). Serum LDL-cholesterol (LDL-C) was determined by using the Friedewald equation. Plasma glucose levels were measured using the Randox glucose GOD-PAP kit (Antrim, UK), according to the manufacturer's instructions. Plasma insulin was measured by an ELISA kit (Dako Diagnostic, Kakkyoyama, Japan).
Statistical analysis
The sample size of the study is based on the predicted 10 % reduction in TC, LDL-cholesterol, TAG, body weight and total body fat content after intervention. A sample size of at least subjects/group will provide sufficient power (. 90 %) to detect an estimated within and betweengroup effect size of 0·56 at a 5 % significance level. Recruiting a total of seventy-two subjects (n 18) will accommodate for 20 % dropouts. Statistical analysis was undertaken using SPSS 11 for Windows (SPSS Inc., Chicago, IL, USA). Data were expressed as means with their standard errors and assessed for normality to ensure that the assumptions of the analysis are met. The data were analysed using General Linear Models with baseline value covariates. If significant between-groups effects were present, post hoc comparisons between the treatment groups were made using the Least Significant Difference method. Statistical significance was considered at P, 0·05. The present clinical trial was registered with the Australian New Zealand Clinical Trials Registry. The registration number is ACTRN12609000540213 and trial web address is https://www.anzctr.org.au/ACTRN12609000540213.aspx
Results
Subjects
Seventy-two individuals were randomly assigned to one of the four test groups: control, FIB, HLT or HLT-FIB for 12 weeks. Fifteen participants withdrew from the study due to unrelated illness, work commitments, poor compliance and personal reasons. Fifty-seven participants (twenty-five males and thirty-two females) completed the 12-week study (control: n 15; FIB: n 16; HLT: n 12; HLT -FIB: n 14) as shown in Fig. 1 . Subject characteristics in the four treatment arms at baseline were not significantly different ( Table 1) . Although there were some reports of minor bloating initially, all subjects tolerated the supplements well with no adverse effects reported.
Diet analysis
The self-reported food and drink intake at baseline, 6 and 12 weeks are shown in Table 2 . There were no significant differences in total energy, carbohydrate, protein, total fat, saturated fat, monounsaturated fat, polyunsaturated fat and fibre between the four groups at baseline.
The total energy intake in the HLT-FIB group was lower (P¼0·031) by 13 % compared with the control group at 12 weeks. Fibre intake was higher (P, 0·001) in the FIB group by 36 g, higher (P, 0·001) in the HLT group by 11 g and higher (P, 0·001) in the HLT -FIB group by 39 g at week 12 compared with the control group. Fibre intake in the FIB and HLT -FIB groups was also higher (P, 0·001) than the HLT group by 25 and 28 g, respectively, at week 12. The HLT-FIB group intake was also higher (P¼0·048) by 3·7 g than the FIB group at week 12. Total fat intake was lower (P, 0·001) in the HLT and HLT-FIB groups by 6 and 15 %, respectively, at week 6 and both by 24 % at week 12 compared with the control group. When compared with the FIB group, total fat intake was lower (P, 0·001 and P¼0·020, respectively) in the HLT and HLT -FIB groups by 10 and 8 %, respectively, at week 6 and lower (P, 0·001) in both groups by 18 % at week 12. Saturated fat intake was increased (P, 0·05) in the control group at 12 weeks compared with baseline. The HLT group also registered an increase (P, 0·05) in saturated fat at 12 weeks compared with baseline. Saturated fat intake was reduced (P¼0·029) by 26 % in the HLT group and reduced (P¼0·006) by 26 % in the HLT -FIB group compared with the control group at week 12.
Polyunsaturated fat intake was also lower (P¼0·018) in the HLT group by 23 % and reduced (P¼0·025) in the HLT -FIB group by 27 % compared with the control group at week 12. Monounsaturated fat intake in the HLT group was lower (P¼0·008) by 24 % at week 6 and lower (P¼0·047) by 20 % at week 12 compared with the control group.
Body composition
There were no significant within-group changes in body weight, BMI and % body fat in the four groups as shown in Fig. 2 . When making between-group comparisons, body weight in the FIB, HLT and HLT-FIB groups was lower (P¼0·007, P¼0·006 and P, 0·001, respectively) Table 2 . Reported dietary intake data assessed by weighed food records † (Daily mean values with their standard errors, n 57)
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EI, energy intake; FIB, fibre supplement group; HLT, healthy eating group with placebo; HLT-FIB, healthy eating group with fibre supplement. a,b,c,d Mean values with unlike superscript letters were significantly different between groups at 6 and 12 weeks (P , 0·05). * Mean values were statistically significant from baseline (P, 0·05).
† The nutritional data recorded in 3-d food diaries at baseline, weeks 6 and 12.
compared with the control group at week 12 ( Fig. 2(a) ). BMI in the FIB, HLT and HLT-FIB groups was also lower (P¼0·010, P¼0·011 and P,0·001, respectively) compared with the control group at week 12 ( Fig. 2(b) ). Dual-energy X-ray absorptiometry results revealed that the percentage of total body fat in the FIB and HLT-FIB groups was lower (P¼0·002 and P, 0·001, respectively) compared with the control group at 12 weeks (Fig. 2(c) ). There were no waist circumference differences within or between groups (Fig. 2(d) ).
Fasting blood lipids
Serum TAG levels decreased in the HLT and HLT-FIB groups at 6 and 12 weeks compared with baseline levels (Fig. 3 ). TAG levels reduced in the HLT-FIB group by 27 % at 6 weeks (1·27 mmol/l, P¼0·044) and by 33 % at 12 weeks (1·17 mmol/l, P¼0·016) compared with baseline levels (1·75 mmol/l). Between-group comparisons revealed that the TAG levels of the HLT and HLT -FIB groups were both reduced (P¼0·008 and 0·003, respectively) by 38 % (both 1·27 mmol/l), at week 6 and both reduced (P¼0·001 and P, 0·001, respectively) by 46 % (1·16 and 1·17 mmol/l, respectively) at week 12 compared with the control group (2·05 mmol/l at week 6 and 2·16 mmol/l at week 12). The TAG levels in both the HLT and HLT -FIB groups at week 6 were lower (P¼0·009 and 0·004, respectively) than the FIB group and also lower (P¼0·005 and 0·003, respectively) than the FIB group at week 12. A comparison of the changes in TAG levels in all groups is shown in Fig. 3 .
There were between-and within-group differences in fasting TC levels in the participants over the 12-week intervention period ( Fig. 4(a) ). The TC levels decreased from baseline in the HLT (6·28 mmol/l, P¼0·002) and HLT -FIB (6·34 mmol/l, P¼0·014) groups both by 17 % (5·22 and 5·29 mmol/l, respectively) at week 6. TC serum levels also significantly reduced at week 12 in the FIB (5·01 mmol/l, P¼0·001), HLT (5·15 mmol/l, P¼0·001) and HLT -FIB (5·07 mmol/l, P¼0·003) groups by 15, 18 and 20 %, respectively, from baseline. Comparison of differences between groups revealed that TC levels in the FIB, HLT and HLT-FIB groups were lower by 15 % (P¼0·003), 16 % (P¼0·001) and 15 % (P¼0·02) at week 6, respectively, and lower by 21 % (P,0·001), 19 % (P, 0·001) and 20 % (P, 0·000), respectively, at week 12 compared with the control group. There were no significant differences in TC levels between the FIB, HLT and HLT -FIB groups at weeks 6 and week 12. A comparison of the changes in TC levels in all groups is shown in Fig. 4(a) .
Fasting LDL-C levels decreased in the FIB, HLT and HLT -FIB groups from baseline (3·97, 4·16 and 4·19 mmol/l, respectively) at week 6 by 22 % (3·10 mmol/ l, P¼0·013), 22 % (3·24 mmol/l, P¼0·006) and 22 % (3·26 mmol/l; P¼0·029), respectively ( Fig. 4(b) ). Fasting LDL was significantly reduced in the FIB, HLT and HLT-FIB groups from baseline at week 12 by 27 % (2·88 mmol/l, P¼ 0·002), 26 % (3·07 mmol/l, P¼0·002) and 30 % (2·93 mmol/l, P¼0·004), respectively. Betweengroup comparisons of LDL levels revealed that the FIB, HLT and HLT -FIB groups had lower LDL levels by 23 % (P, 0·001), 18 % (P¼0·005) and 17 % (P,0·001), respectively, compared with the control group at week 6. The LDL level was lower (P, 0·001) after 12 weeks of intervention in the FIB, HLT and HLT-FIB groups by 29, 24 and 28 %, respectively, compared with the control group (4·05 mmol/l). A comparison of serum LDL-C changes in all groups is shown in Fig. 4(b) .
The HDL-C levels increased significantly (P¼0·02) by 21 % in the HLT-FIB group at week 12 (1·60 mmol/l) compared with baseline (1·27 mmol/l). Between-group comparisons revealed no significant differences in HDL levels as shown in Fig. 4(c) .
Fasting glucose and insulin
Within-group comparisons revealed that fasting blood glucose levels were not significantly changed in any treatment group compared with baseline or week 6 as shown in Fig. 5(a) . However, when comparing between-group effects, glucose levels were 14 % (5·16 mmol/l, P¼0·03) lower in the HLT group compared with the control (6·00 mmol/l) group at week 6. There were no significant between-group differences at week 12.
Fasting insulin levels decreased at week 12 in the HLT group by 24 % (15·62 mUI/ml, P¼0·03) and in the HLT -FIB group by 33 % (13·71 mUI/ml, P¼0·01) compared with baseline (20·44 and 20·43 mUI/ml, respectively) ( Fig. 5(b) ). When making between-group comparisons at week 6, fasting insulin levels were lower in the HLT group by 5 % (17·33 mUI/ml, P¼0·05) and lower in the HLT -FIB group by 8 % (16·94 mUI/ml, P¼ 0·02) compared with the control group (18·27 mUI/ml). When compared with the control group at week 12 (19·89 mUI/ml), insulin levels decreased in the HLT and HLT -FIB groups by 21 % (P,0·001) and 31 % (P,0·001), respectively. When compared with the FIB groups at week 6 (19·53 mUI/ml), insulin levels were significantly lower in the HLT group by 11 % (P¼0·02) and in the HLT -FIB group by 13 % (P¼0·01). At week 12, insulin levels were lower in the HLT group by 19 % (P¼0·01) and in the HLT -FIB group by 28 % (P, 0·000) compared with the FIB group (19·19 mUI/ml). A comparison of insulin changes in all groups is shown in Fig. 5(b) . 
Discussion
The present study demonstrated that simply adding psyllium fibre supplementation to a normal diet (FIB group, 55 g/d) was sufficient to see improvements in TC and LDL-C as well as body weight, BMI and % body fat compared with control. Consuming a healthy diet with moderate fibre intake (HLT group, 30 g) showed improvements in TC, LDL-C, TAG, insulin, body weight and BMI compared with the control. Consuming both the fibre supplement and the healthy diet (HLT-FIB, 59 g) showed benefits in all of these parameters compared with control with a non-significant trend towards a greater effect on TC, LDL-C, TAG, insulin, body weight, BMI and % body fat compared with the other intervention groups. Therefore, recommendations for . 30 g/d of fibre for overweight or obese individuals, derived from dietary sources in conjunction with psyllium fibre supplementation, may be appropriate to improve metabolic syndrome risk factors in this group. Many studies have found that increasing fibre intake has resulted in increased satiety, reduced hunger, decreased energy intake and weight loss (3, 33) . In the present study, we found that body weight and BMI were significantly lower in the FIB, HLT and HLT-FIB groups compared with the control at 12 weeks although the FIB and HLT-FIB groups also showed a significant reduction in % body fat. The reduction in % body fat in these two groups may indicate that a high fibre intake of over 55 g from a psyllium supplement, with or without a healthy diet, may influence body composition as well as body weight. The greatest anthropometric changes were found in the HLT-FIB group, which may be partly explained by a significant reduction in reported total energy intake. Epidemiological and cohort evidence indicate that diets rich in fibre are associated with lower body weight (2, 6, 17) . A recent study by Du et al. (13) found an inverse association of total dietary fibre and cereal fibre with weight and waist circumference change in a cohort of 89 432 European adults who were studied over an average period of 6·5 years. Interestingly, the present study revealed no differences in waist circumference in any intervention group, which may suggest that a longer time is required to see such observable effects. Howarth et al. (3) reviewed twelve intervention studies and found that when energy intake is ad libitum, an increase of 14 g/d of fibre over a standard diet resulted in a 10 % decrease in energy intake and a 1·9 kg decrease in body weight over 3·8 months. However, in two reviews undertaken by Pittler & Ernst (22, 34) , they found unconvincing evidence that fibre supplements can reduce body weight. Other intervention studies also reveal no change in body weight (23, 35) . Fibre's effect on satiety and reduced energy intake may be due to its reduced energy density and increased chewing time (33) . Fibre may affect satiety by slowing gastric emptying time, increasing viscosity in the gastrointestinal tract and therefore reducing postprandial glycaemia and insulin secretion (4) . Fibre may also influence satiety hormone levels such as ghrelin (36) . A review by Pereira & Ludwig (33) revealed that dietary fibre had beneficial influences on satiety and energy intake in seventeen studies, whereas seven studies reported mixed results and three studies reported no effects. In our previous acute study, 15 g of dietary fibre did not affect the hunger and satiety in the postprandial period (37) . Evidence is inconclusive in relation to the effects of fibre on weight loss, but the present study suggests that larger amounts of fibre (. 30 g) may be required to alter energy balance sufficiently for weight loss and to bring about changes in body composition.
The HLT and the HLT-FIB groups had the greatest impact on lowering serum TAG levels at 6 and 12 weeks compared with the control. Previous studies have shown inconsistent results regarding the effect of dietary fibre on TAG metabolism (9) with most of them indicating no effect (21, 27, 28) . However, in a 6-week randomised study by Chandalia et al. (24) in subjects with type 2 diabetes, intake of a high-fibre diet with high-soluble fibre content (total fibre intake 50 g/d, including 25 g/d soluble fibre) lowered TAG concentrations by 10·2 % (24) . Although mechanisms are not fully understood, the apparent hypotriacylglycerolaemic effects of psyllium and other soluble fibres may be related to a delay in the absorption of TAG and carbohydrates from the small intestine (38) . In the present study, there was no observed reduction in serum TAG levels in the FIB group despite a fibre intake similar to the HLT -FIB group of over 55 g and greater than the HLT group fibre intake of 31 g. Wu et al. (9) found that the highest quintile of fibre consumption (total, non-viscous and pectin) was associated with the lowest TAG levels. The psyllium supplement consumed in the present study may not be as effective as the multiple sources of fibre from consuming non-viscous fibres and pectin from wholegrains, fruit and vegetables.
Consuming a fibre supplement (FIB) or consuming a healthy diet (HLT) both reduced serum TC and LDL levels, but the combination of both, in the HLT-FIB group, produced the greatest reduction, although there was no significant difference between the FIB, HLT and HLT-FIB groups. This indicates that fibre intake at 30 g or over was sufficient to reduce serum TC and LDL-C whether from consuming a healthy diet, a fibre supplement alone or both combined. Many clinical and animal trials have demonstrated the hypocholesterolaemic effects of soluble fibres (17, 20, 21, 27, 39, 40) . A meta-analysis by Brown et al. (21) found that soluble fibre from oats, psyllium, pectin and guar gum each reduced TC significantly. Psyllium's hypocholesterolaemic properties have been well researched, with studies indicating that the effects do not depend on the amount of fat or cholesterol in the diet (21, 29, 30, 41, 42) . Brown et al. (21) concluded that each gram of fibre from psyllium reduced TC and LDL-C concentrations by 2 0·028 and 2 0·029 mmol/l, respectively. Soluble fibre is thought to entrap bile acids, resulting in a greater faecal loss (30) , and is thought to reduce cholesterol absorption and bile acid reabsorption by disrupting the intraluminal formation of micelles (43, 44) .
There was no difference in HDL-C between groups during the study. However, HDL-C increased in the HLT-FIB group from baseline during the study and it was 19 % higher at the end of the study. Studies have shown that dietary fibre does not affect HDL-C (45) . Therefore, the HDL-C increase in the HLT-FIB group may have been due to changes in other dietary components during the study or related weight loss in these subjects. Weight loss has been associated with increased HDL-C (46) . Interestingly, Jenkins et al. (47) reported that HDL-C was significantly decreased after 4 weeks of psyllium supplementation in weight-stable healthy subjects. Therefore, the present study emphasises the importance of accompanying weight loss with increased dietary fibre to prevent the reduction in HDL-C.
Previous studies have reported an association between high fibre consumption and reduced fasting insulin (20) . Ludwig (5) found that, when adjusted for BMI, higher levels of insulin were found in individuals who consumed the least fibre, indicating that a low-fibre diet stimulates a higher insulin response compared with a high-fibre diet. Soluble fibre, such as psyllium, may improve insulin sensitivity by increasing the viscosity of the stomach contents, which slows the digestion and absorption of carbohydrate and other nutrients (31, 48) . In the present study, insulin levels decreased significantly in the HLT and HLT -FIB groups compared with the control and FIB groups at 12 weeks. Simply consuming additional fibre as a psyllium supplement was not sufficient to influence insulin levels, even at 55 g fibre/d. The consumption of a healthy diet appeared to have more of an influence on insulin levels which could be related to other factors in that diet.
In the present study, the reduction in body weight in the FIB, HLT and HLT-FIB groups and the lowered TAG and insulin in the HLT-FIB and HLT groups may also have been influenced by dietary factors such as a reduced fat intake (49, 50) . The two groups that had the reduction in serum TAG levels (HLT -FIB and HLT) also recorded a reduction in reported % energy intake from total dietary fat and saturated fat and an increase in PUFA compared with the control group (Table 2) . However, the control group showed a significant increase in % energy from saturated fat compared with baseline, which may partly account for the decrease in TC and LDL in the FIB, HLT and HLT-FIB groups. The amount and type of fat consumed in the diet can influence serum TAG levels (15) and serum cholesterol levels (29) , which may have had some influence in the present study. The beneficial changes in TC, LDL-C, TAG and insulin levels in the intervention groups may also be related to reduced body weight and reduced adiposity (Fig. 2) as a result of energy restriction. Non-significant energy restriction occurred in the FIB and HLT groups and significantly in the HLT-FIB group relative to control. Numerous studies have reported the improvements in biomarkers with energy restriction and weight loss (51 -55) .
Most of the subjects in the present study had a waist circumference greater than that specified by the ATP III Clinical Identification of Metabolic Syndrome (1) and they had at least one or two other metabolic syndrome risk factors or were borderline candidates. Many in this group will eventually progress to establish the metabolic syndrome if their obesity continues and lifestyle factors remain unchanged. In the present study, if consumption of a high-fibre diet (. 50 g/d) over 12 weeks resulted in gradual improvements leading to significant reductions in weight, % body fat, lipids and insulin when compared to a control, then intake over a longer period may provide greater results and improved outcomes for overweight and obese individuals. Given that the psyllium supplement taken in conjunction with a healthy diet was well tolerated, investigations into the long-term intake of . 50 g fibre/d in this group should be pursued further.
In the present study, the comparison between a normal diet (control), a normal diet with a psyllium fibre supplement (FIB), a healthy diet (HLT) and a healthy diet with psyllium fibre supplement (HLT-FIB) helped to demonstrate the amount of fibre that is sufficient to improve some of the metabolic syndrome risk factors in overweight and obese individuals as well as the effectiveness of psyllium supplementation and healthy dietary practices. Since the healthy diet and psyllium fibre supplement (HLT-FIB) produced the best results in relation to improving metabolic syndrome risk factors compared with the other groups, a similar dietary regimen could be prescribed to overweight and obese individuals, a population susceptible to the metabolic syndrome, CVD and type 2 diabetes. Therefore, further investigations into increasing dietary recommendations for dietary fibre intake .30 g/d for overweight or obese individuals from dietary sources in conjunction with fibre supplementation should be undertaken.
